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[57] ABSTRACT 

A system for improving the ef?ciency and reliability of 
entering data into a database or spreadsheet computer pro 
gram by providing suggested completions to the data entry 
operator. The operator invokes an edit mode (200) for a 
particular data area and a dynamic list of possible comple 
tions is generated (210) based on other data items associated 
with the edited data area. The list of possible completions is 
dynamic because it changes to re?ect the status of the 
current data within the database or spreadsheet. As the 
operator enters characters of a data item (220), the list of 
completed data items is searched for an entry that matches 
the entered data item (230). If a match is found then the 
matching item is displayed to the data entry operator as a 
suggested completion (240). The data entry operator can 
then elect to accept the suggested completion (250) or to 
continue entering the data item. 

38 Claims, 17 Drawing Sheets 
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METHOD AND APPARATUS FOR 
SUGGESTING COMPLETIONS FOR A 

PARTIALLY ENTERED DATA ITEM BASED 
ON PREVIOUSLY-ENTERED, ASSOCIATED 

DATA ITEMS 

TECHNICAL FIELD 

The present invention relates generally to the ?eld of 
computer-based applications requiring data entry and more 
particularly to the ?eld of improving the data entry process 
by automatically completing a partially entered data item 
With a matching data item from a list of previously entered 
data items. 

BACKGROUND OF THE INVENTION 

In the ?eld of data processing systems, data is entered into 
databases for the purposes of rapid searching, retrieving or 
processing. Since its inception, the ?eld of data processing 
has been bottle-necked by the time consuming and human 
error prone process of data entry. Therefore, it is desirable to 
improve the ef?ciency and reliability of entering data into a 
database system. One method to achieve this objective is the 
use of automatic completion algorithms to assist in the data 
entry process. Automatic completion algorithms generally 
refer to the technique of comparing a partially-entered data 
item to a list of possible completed data items to ?nd a 
suggestion for completing the partially-entered data item. 
Automatic completion algorithms improve the data entry 
process by increasing the speed and integrity of data entry. 
For instance, a user is only required to enter enough char 
acters of a data item to uniquely identify a suggested 
completion. This results in increasing the speed of data entry 
by reducing the number of required key strokes. For larger 
data items, the savings in time can be quite noticeable. 
Concerning the increase in data integrity, by providing 
suggested completions, many of the human errors such as 
spelling errors and data anomalies can be eliminated from 
the process of data entry. 

Data processing systems can take on many forms ranging 
from highly-formatted, custom or specialiZed database pro 
grams to a more generic, user-de?nable database, such as a 
spreadsheet application. Examples of the former include 
products such as inventory control systems, manufacturing 
tracking systems and accounts receivable/payable systems. 
An example of a more generic database is the 
“MICROSOFT EXCEL” computer spreadsheet program 
marketed by Microsoft Corporation. 

Automatic data entry completion algorithms have 
appeared in various types of applications. For eXample, the 
help utility in “MICROSOFT WORD” for “WINDOWS 
95”, version 7.0, provides an automatic completion feature 
for retrieving help information from a database. An alpha 
betically sorted list of prede?ned topics are available as an 
indeX into the information database. When entering a Word 
or Words describing the type of information required (i.e., 
entering “acc” to obtain information concerning “accented 
characters”), the automatic completion feature Will search 
the list for a matching entry. If a suggested completion is 
identi?ed, it Will be displayed to the user. 

Microsoft’s “ACCESS” database program, version 7.0, is 
an eXample of a more generic, user de?nable database that 
provides an automatic completion feature to aid in de?ning 
database tables. The “Table De?nition” interface consists of 
the prede?ned categories: Field Name, Data Type and 
Description. When entering data items into the Data Type 
category, a prede?ned list of suggested completions is 
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2 
eXamined to determine if a match for the data item being 
entered (partial data entry) eXists. If a match is found, the 
matching data item is displayed as a suggested completion. 
Similar to Microsoft’s “WORD” program, “ACCESS” relies 
on the characteristic of the data items conforming to a 
pre-de?ned list of possibilities. 

For the other categories in the “Table De?nition” interface 
of “ACCESS”, the data entries are user-de?nable as opposed 
to being selected from a pre-de?ned list. Here, no suggested 
completions are provided When entering data into these 
categories. Furthermore, once a database table has been 
de?ned, the user can enter data into the user-de?ned data 
categories of the database table. In this interface, 
“ACCESS” again does not provide an automatic completion 
feature. 

A characteristic of each of the above-described automatic 
completion algorithm implementations is that they operate 
Within a rigidly de?ned database structure. These implemen 
tations take advantage of the fact that the format and 
contents of the data being entered are knoWn, and hence, a 
pre-de?ned list of suggestions can be utiliZed. Both of these 
implementations improve the ef?ciency and reliability of 
data entry in a ?Xed or structured database by alloWing the 
use of an automatic completion algorithm. But, in more 
generic databases, such as a spread sheet, the user is at 
complete liberty to de?ne the categories and types of data 
that can be entered. There is a need for a system to provide 
ef?cient and reliable data entry for user-de?nable database 
systems. Therefore, there is a need for a system for gener 
ating a list of completed data items in a generic database that 
alloWs the use of an automatic completion feature and hence, 
that provides a more ef?cient an reliable method for entering 
data into a generic database. 

Implementing an automatic completion feature for the 
process of entering user-de?nable data posses several tech 
nically complicated issues. The implementation must be 
able to: (1) modify the selection list as neW data items are 
entered and update the selection list When previously entered 
items are modi?ed; (2) minimiZe the impact of the selection 
lists on system resources such as memory; and (3) minimiZe 
any delays in processing user inputs. Because entering 
user-de?nable data is a process requiring ef?cient and reli 
able data entry, there is a need for an automatic completion 
capability for generic, user-de?nable, data entry systems. 

In vieW of the foregoing, there is a need for an automatic 
completion method that can be used for generic, spreadsheet 
type applications in Which the structure of the database and 
the types of data entered can take on a multiplicity of 
formats. There is also a need for a method to dynamically 
generate a list of suggested completions that Would be based 
on data items having an association With the data item being 
entered rather then utiliZing a static list of prede?ned pos 
sible data items. 

SUMMARY OF THE INVENTION 

The present invention satis?es the above-described needs 
by providing an automatic completion of a partial data entry 
by examining a suggested completion list, Which is gener 
ated upon the entry of the data item. The list of suggested 
completions is based on the contents of other data entries 
that are associated With the item being entered. The present 
invention alloWs for efficient and reliable data entry in a 
generic, user-de?nable, database application. 

Generally, the present invention enhances the user inter 
face of a data entry application for a database by providing 
suggested completions of partially entered data items from 
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a dynamically generated list of possible completions. The 
operation of the present invention includes generating the 
completed data item list from data entries that are associated 
With the partial data entry, comparing the completed data 
item list to the partially entered data item, and automatically 
completing the entry of the data if a unique match is found. 
From the user’s perspective, When an item is being entered 
into the database, associated entries Within the database Will 
be examined to determine if a matching entry has been 
previously entered. This examination Will be performed by 
utiliZing a character mask. Thus, When a user enters the ?rst 
character of an item, if there is an item in the database that 
uniquely matches the ?rst character, then the partial entry 
Will be automatically completed and the user Will have the 
opportunity to accept the suggested completion. 

The implementation of the present invention is uniquely 
suitable for a generic database accepting user-de?nable data 
items. Furthermore, the present invention is an automatic 
completion system that is able to: (1) modify the completion 
list as neW data items are entered and update the selection 
list When previously entered items are modi?ed; (2) mini 
miZe the impact of the completion lists on system resources 
such as memory; and (3) minimiZe any delays in processing 
user inputs. 

First, the present invention modi?es the completion list as 
neW data items are entered and updates the completion list 
When previously entered items are modi?ed. This is accom 
plished by using a dynamic completion list that is de?ned by 
the context of the data Within the database as opposed to 
pre-de?ned values. The completion list is generated from a 
set of data Within the database that is associated With the data 
item being entered, and re?ects the status of the database at 
the time the data item is being entered. The bene?ts asso 
ciated With this aspect of the invention include: providing a 
completed data item list that is automatically updated to 
re?ect the current contents of the database; providing a 
completed data item list that is not encumbered by extrane 
ous data entries that have no relationship With the item being 
entered; and providing an automatic completion feature that 
is not restricted to the use of a limited list of possible 
completions (i.e., a prede?ned data set). 
Aunique aspect of the generation process includes de?n 

ing Which data items are associated With the data item being 
entered. In the context of a generic database, the present 
invention provides several methods to perform this process. 
Generally, data items that fall Within the same category or a 
similar category to the data item being entered are consid 
ered to be associated data items. Therefore, an advantage of 
the present invention is the ability to de?ne Which data 
entries Within a database are related to a data item being 
entered, to generate a list of suggested completions based on 
these associated data entries, and to provide a dynamic 
completion list Which tracks the actual contents of the 
database. 

Another aspect of the present invention is that the com 
pleted data item list can be ?ltered so that data items Which 
do not bene?t the automatic completion feature are elimi 
nated from the list. This is especially bene?cial in a generic 
database Where the nature of the database alloWs for a 
mixture of data types Within associated categories. For 
instance, a generic database may alloW for numeric entries 
and text entries to be entered into the same database cat 
egory. An example of such a category Would be a library 
database, Which combines the category that lists the name of 
the person a book is checked out to, and the category 
indicating the number of days that the book has been on the 
shelf Without being checked out. The second category is 
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used to determine if the book should be removed from the 
shelves and placed into the archives. In this scenario, the 
numeric entries for the days on the shelf could be ?ltered 
from the completed data item list. The bene?ts derived from 
this ability is that the list is not encumbered With extraneous 
numeric entries Which could result in sloWing doWn the list 
generation process, and the entry of numeric data Will not 
trigger any automatic completions Which could easily result 
in entering invalid data (i.e., having the entry “1” automati 
cally complete to “100”). Therefore, another advantage of 
the present invention is the provision of a technique for 
?ltering out non-useful items from the list of suggested 
completions in order to maximiZe the ef?ciency of an 
automatic completion feature. 

Second, the present invention minimiZes the impact of the 
completion lists on system resources such as memory by 
storing the completed data item list in a dynamic data 
structure. In contrast to a static data item list, a dynamic list 
does not require permanent memory resources. Once a data 
item has been entered into the database and accepted by the 
user, the memory occupied by the data item list can be 
released and reallocated to other resources. The ef?cient use 
of memory resources is necessary in a database system, and 
thus, the minimiZation of overhead memory is imperative. 
This is increasingly important in a generic database that does 
not have pre-de?ned data types, and therefore, can not 
obtain the bene?t of using ef?cient memory storage schemes 
Which take advantage of pre-de?ned data types. 
Advantageously, the present invention provides a list of 
suggested completions Which makes ef?cient use of memory 
storage. 

Third, the present invention minimiZes any delays in 
processing user inputs by using a tiered technique to gen 
erate the completed data item list. This tiered technique 
includes generating the completed data item list one section 
at a time, alloWing for input processing in betWeen the 
generation of each section. In addition, a suggested comple 
tion can be provided to the user based on a partially 
generated list. This is bene?cial because it provides virtually 
immediate feedback to the user and expedites the data entry 
process. Therefore, another bene?t of the present invention 
is the generation of a list of suggested completions in a 
manner that minimiZes the impact to data input processing 
and provides instantaneous responses to the user. 
More speci?cally described, the present invention is an 

automatic completion feature that can be implemented in a 
spreadsheet application. When a user begins to edit a cell 
Within a spreadsheet, a completed data item list is generated 
from the previously entered data items stored in cells 
associated With the edited cell. As the user enters characters 
into the cell, the completed data item list is searched for an 
entry corresponding to the partial data entry in the edited 
cell. If a qualifying match is found, then the data item is 
displayed as a suggested completion Within the cell being 
edited. The user then has opportunity to accept the suggested 
completion and thereby accelerate the data entry process, to 
enter additional characters to de?ne a neW data entry in the 
spreadsheet, or to reject the suggested completion. By 
accepting the suggested completion, the bene?t of increas 
ing the speed of data entry is realiZed and the integrity of the 
entered data is assured (i.e., the data entry is in conformance 
With previously entered data). Therefore, it is a further 
advantage of the present invention to improve the ef?ciency 
and reliability of data entry in a spreadsheet by providing the 
ability for an automatic completion feature utiliZing a list of 
completed data items stored in cells associated With a cell 
being edited. 




























